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Abstract: ‘This memorandum presents the design and porZormance 
characteristics of a hydrophone that is intended for low 
level noise measurements in the frequency range from 100 
to 3900 cps. It is constructed of Your baviws: titanate 
cylinders, each six inch 0.D. by tivo inches long by 
0.2 inch thick, thet are mounted comxially and mechanic- 
elly isolated from cach other and the end-plates., The 
whole unit i3 enclosed in a water tight beot. The free- 
field voltage response cf the hydrophone is shout -78 
+1.5 db re 1 voli per thar over the specified frequency 
range and is omidirectional within +1 db in both the 
vertical and horizonta] planes over this same frequency 
range. The equivelent uoise pressure of the hydrophone 
varies from -91 do re 1 ubar for al cps band at 100 cps 
to -102 db at 3000 eps. 
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Introduction end Design Considerations 


One limitation to the measurement of low-level, underwater acoustic 
Signals in the ocean is the level of ambient noise of the sea. Therefore, 
if possible, it is desired to design 2 hydrophone-ampiifier system that 
cen detect this ambient. This memorandum reports on the requirements, 
design and tests pertaining to the hydrophone of such a systen. 


A principal requirement of the hydrophone is thet it should have 2 
Plat response from 100 cps to 3 ke. It should also have no resonance 
in this renge, be essentielly omnidirectional, and have an equivalent 
noise pressure well below 10 db less then the ambient corresponding to 
zero sea state. This latter level ic the value quoted as frequently pre- 
vailing in Dabo> Isy. The impedance, which 1s elmost entirely cepacitive, 
was specified to be about one megohm eat 20 cps. : 


Since a low equivelent noise pressure is a major requirement, on 
iivestigation was made of the hydrophone parameters thet determine this 
quantity (Reference 1). It was shown that, for a cylinder, the square of 
the equivalent noise pressure varies approximately as the thickness and 
inversely a3 the product of the length by the cute of the radius. This 
indicates that the cylinder should be as large as possible and with a 
well eas thin as pogsible. A six-inch diameter cylinder which resonates 
around 10 ke was considered to be about the maxims: feasible size. In 
order to maintain ommidirectionslity to 3 ke, the length should not ex- 
ceed 8 or 10 inches (about 1/2). A wall thickness of 0.2 inch was 
selected because a thinner wall might not withstand the hydrostatic pres- 
sure of 300 psi maximum. Other factors to be considered are the loss 
tangent and the electromechanical coupling coefficient because the square 
o? the equivelent uoise pressure alco veries approximately as the Pirst 
power of the former and inversely as the square of the latter. Barium 
titanate was chosen primarily because it was more readily availeble in 
this size. Admittedly, this is not the optim material, but it will 
adequately serve for an evaluation of the design and should quite easily 
meet the specified requirements. 
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Design and Conatruction 


The construction of the Wyrdrophone is shown in Figure 1. I% consists 
of four barium titenate cylinders, ceca six inches 0. D. by 2 inches Long 
by 0.2 inch thick, that are mounted coaxially and mechenically isolated 
from each other end the end-plates. The barium titenste cylinders are 
movmted on rubber rings which ere supported by pherolic cylinders and a 
phenolic ring between the ends of the cylinders. Since the rubber rings 
are mot completely confined, they should provide effective isolation for 
the berivus titenste cylinders. There are three hollow metal posts on the 
inside that serve two pusposes. They center the phenolic cylinders and 
support the two metal end plates. The length of these poste ere such that 
the rubber rings ere sligatly compressed when the bolt on the center post 
is tightened. The center post is juet slightly shorter than the other three 
so that the end plates rest Pirmly on the cylinder location posts. Under 
high hydrostetic pressure, the center post might support the end plates if 
the pressure vere sufficient to tend them. A 3/16-inch hole shown in each 
of the phenolic cylinders is used to bring the electric leads from the 
barium titenate cylinders to the inside. Both electrical connections to 
the barium titenste cylinder can be mele on the inside because a pleted 
tab on the inside leatis over the edge at cne point to the outside of the 
cylinder. The four cylinders were comiected in series in order to incresse 
both the sensitivity end the impedance cver the veluea that would have been 
obtained for parallel connecticne. This amounts to 12 db in the sensitivity 
anc a factor of sixteen in the iupedance. 


After the parts of the hydrephone were eli assembled, the wit wes er- 
closed in @ tight~fitting rubber boot and sealed at both ends with the boot 
clamps. This was accomplished by meens of a special boot gig in which the 
rubber boot was inserted im such a manner that both ends of the boot were 
sealed to provide an airtight space between the outside of the boot ard the 
inside of the Boot jig cylinder. An opening to thia space was provided so 
thet it could be evacusted, thus expending the rubber boot enough to elip 
the hydrophone into the normelly undexvsize boot. A generous quantity of 
de-gassed castor oi]. was poured into the space between the hydrophone and 
the excess castor oil var squeezed out so that the wmiber boot made intimate 
contact with the ceramic cylinders. Wivally, the ends of the rubber boot 
were sealed with boot clamps. 


Tests and Measurements 
The hydrophone vas celibrated at the Tieck Moshannon Calibration Station. 
The free-field voltage response and directional patterns im planes containing 
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the cylinder axis (verticel), and planes normal to this axis (horizontal) 
were obtained. ‘These are shown in Figures 2 to 8, inclusive. The prominent 
dip in the response at 420 cps, shown in Figure 2, is almost certainly due 
to the properties of the medium end its boundaries, and appears to be in no 
way @ characteristic of the hydrophone because the frequency at wnich this 
dip occurred varied over a frequency range of several hundred cps as the 
hydrophone and projector (with fixed! separation and depth) were moved to 
different positions in the well. 


Except for the prominent dip, the response is essentially flat with a 
mean value of about -78 db re 1 vo. per bar. Ome db vas adiled to the 
measured value to allow for the caiculateé loss in the cable which had a 
capacity of about 1275 mur. 


The directivity patterns show that the hydrophone is omnidirectional 
within + 1 db in both horizontal and vertical planes over the required 
frequency range (100 eps to 3 ke). ‘The vertical petierns at 5 end 10 ke 
are presented merely to show the degree of directionality occurring above 
3 ke. 


Admittance measurements were mude on each of the barium titanate 
cylinders in air before assembly in order to determine the electromechanical 
coupling coefficient end the dielectric constant. The measurements were 
made with the bridge circuit shown in Figure 9 which is simply a doublt 
admittemeter. The variable condenser is first adjusted to produce a null 
in the reading of ‘, at a frequency well below resonance. The setting of 


this variable condenser gives eppro:imately the clemped admittance (the 
conductance is quite low). Without changing this setting, the frequency 
of the signal is now swept through vesoneance. The reading of V, is pro- 
portional to the motional admittance and lts moximm velue gives the 
diameter of the admittance circle. This is given by 


The Q may be determined from the frequency of maximm motional admittance 
F and the two quedrantal frequencies F, and Fo for which 


y ni 
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y Bape a ‘ 
= Vr 
The Q is given by 
a ost 
<P, 


UNCLASSISTED -5- File 6.8930 


hm > 
PEDLULY 


- PMKEICdlt 


Binally, the electromechanical coupling ceefficient is given aeporatinately 
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The dielectric comstant may be computed from the dimensions of the 
barium titanste cylinfer and the mocsurcd capacity. Averages cbisined 
fvon the four elements were used Tex ccamuting equivalent noise pressure 
and sensitivity. 


These deta way now be used to compute the frea-field voltage respouse 
of the aydrophone which is given by 


f hx a” k . 
i, — Vv BE = \ 
= yedius = 7.63 cu 
k = felectromochanieal coupling coer. )* = .0300 
Z = Young's mdulus = 9x 194 dynes /om® 
dielestrie constert = 1050 . 


fh 
& 


The Pactor 300 converts volteges in e..u. to volts. 


Te expression above gives the seusitivity of a single cylinder end 
since four of these are comected in cerles, the hydrophone sensitivity 
Will be four times as wuch or 2 log ' &> greater. This result turned out 
to ‘oe -7h.5 Gb re 1 volt per p bar, which compares favorably with the 
measured value of epproximetely -75 db re 1 volt per » ber. 


Admittance measurements were cisco usde over the frequency range, 100 cps 
to 3 ke, using a similar cirenit which is shown in Figure 10. A 10,000 chu 
atenderd resistor was placed in shunt with the hydrophone in order to bring 
the equivaiert shunt resistance of the cowhination down to the velues ob- 
taiasble on the vurlable vesister now placed in perailel with the variable 
condenser. When the variable condenser and resistor are adjusted te give 
a well indication of ¥_, their settings are equivelent to that of the 
hydrophone shunted by The 10 K resistor. From these deta, computations of 
the series resistaucc were mafe for use in computing the equivalent noise 
pressure. 


The efmittence measurements, especially the condhuctences, are quite 
interesting because they show in = very striking manner the reletive con- 
tributions from the dielectric losses end thet due to the acovetic losé 
(motional covductance). 
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Svidge Circuit for Aiuittence Measurewents. *. 
it is possible to Compuce ce the motional conductance Pran the 
equivelent cixveult shewa in Reference 1. ‘The resistance 
R is given by 
R # 2p we ef 
e2vesc 
where C is the motional capacity. The mot Lonel co is given by 
aot ae ee: 
foe RC = OTL O 
a 5 
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iu computing G % is simplest if one Pirat considera the hytrovhone 

a3 2 single cyTititer and then, since it ectually consists of four sinvilar 

cylinders commected in series, divide the result by 16 to obtain the 
tional conductance of the kydrophone. 


These ccaputations were wale Zor « range of frequencies covering the 


range from 100 eps to 3 ke. The results are show in Table I and in 
Figure iL. 
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Praquency 
| “met (cate. ) Soae Suater Gsot * Sous 
100 3.36 x 10 12 oO x 10 6 Ox 10°? oh x 
wt 
250 1.31 x 107°" 112 12 112 
oa 2.10 x 10> 2 .26 2h 
1006 3.36 x i078 .55 61 58 
2000 5.37 x 107? 1.20 1.6 1.7 
3000 2.72x10°° 1.93 3.82 4.63 
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Since the motionel conductance of the inrkerophone jm air may be 
neglected, it followe thet the velues in the last column showld be the 
Beme es those In the fourth. Tt is aise noted that the wotionel conduct- 
ence ls quite Insignificant at low frequencies but alace it yvartes as the 
fourth power of the frequency, it actually exceeds the elemed (ave to 
Glelectric losses) conductance at 3 ke. These cesvita are aleo chom in 


Figure il. 
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eh is easily computed from the admistance data. The - 
* “ + 4 Ce 
Eq. Bolge Pressure level = ID jog R__ - © log M- 1% 
SOLLSS c 
tke results are given in Tebie IT. 
TABS IT 
Frequency t : Pressure Level 
os eps é&> re ii bar for a 1 cpa bani 
305 
250 
er 
500 
LOOO 
BOOS 
3000 % 
Seese value: 
velue of the loss tangens was les: 
titanate. 
Conclusions and 
Folloving fis 2 oy of the moot sigenificent hydrophone character- 
istics, o11 of which copear to meet the design requivements over the desired 
frequency range of 100 cys to 3 ke. 
- 


1. Free-field voltage response - Approximately -78 db re 1 volt 
ubar over the frequency range of 100 ens to 8 ke. sail 
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2. Directionality - Qumidirectiosarl within +1 c& in both horizontal 
ant. vertical planes Por frequencies up to 2 ke. 


vo 1 ju ber for a l cps band from 100 cns to 3 ke, respectively, which is 
about 52 to 38 & below the usbicnt noise levels of sea state CG. 


3. Equivalent noise pressure level - Varies from -91 to -102 éb : 2 


4. Hy@rophone tmpedence - The iuapsdexce is essevtially that due to 
2 capacity of O.0:17 p Parad co? waich about 0.001 pfarad is due to the 
esble. 


Im considering the over-all problem of weasucing low level signals, 

it wes learned thet the equivalent noise pressure of the smplifier was 
about 30 dh higher then that of the hjirophoue wion the input to the 
amplifier simulated that of the hydroplione. Tais would indicate that the 
system wili just barely measure levels 10 db below zero sea stete. me 

= are several thinge thet might eve been done, or can be done, to improve 
this situstion. The use of PZT: with ite higher coupling coefficient 
would increase the seunitivity im the order of & db. ‘There ere other 

z pareneters that would imfluence this slightly. Since the emplifier can 
prebebly hamile en impedance ebout LO times as great without increasing 
‘the noise oxtput, it may be possible tic imerease the signal-to-noise Level 
by increasing both sensitivity ond ivmecdance, which eve roleted. The 
present beriuma titanate cylinders could be pleted both outside aad inside 
ia two or wore sections that are separated fvom euch other. Now connecting 
@li these sections in series will increase the impedence ani raise the 
sensitivity. Hone of these solutions, however, apply to the preseut hydro- 
phéeme, but could be incorporated in the next cue thet is constructed. 


However, there is om possibility for the present hydrophons and 
‘thet is to feed its owtput into ¢ tr: 4 & gain of about 10 db. 
hie would also increase the impedance but the! & not necessarily moan 
thet the noise level will be significantly increased. 
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